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Outline
‣ Framing of T2M at ARPA-E

‣ Getting to a development path for LENR T2M

‣ Physics-based metrics

‣ Potential markets and minimum viable products

‣ Techno-economic metrics
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What problem are we trying to solve?
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Gigaton scale reductions in CO2 emissions…



What problem are we trying to solve?
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…require quad level energy impact



Technology to Market at ARPA-E: If it works, will it matter?
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Getting to a development path for LENR T2M requires upfront work

‣ Identification of key physics and technical metrics

‣ Market identification consistent with physics and technical metrics

‣ Identification of minimum viable products (MVP)

‣ Identification of required techno-economic metrics

5



Physics metrics: analogy with thermonuclear fusion energy?
‣ Key physical metrics for conventional fusion were identified by Lawson in 1955 by 

analyzing energy balance of a fusion plasma

‣ Is there a “Lawson criterion” for LENR?

‣ What are LENR’s physics metrics for energy gain? Or other physics based metrics?
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Nagel 2021
http://www.infinite-energy.com/iemagazine/issue157/NagelIE157.pdf

Wurzel, Hsu 2021
https://arxiv.org/abs/2105.10954



Physics metrics: analogy with Drake equation?
‣ Description of excess power when some factors are unknown

‣ Tangentially related to Drake equation where outcome 
depends on accuracy of probabilities
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Storms, “The Explanation of Low Energy Nuclear Reaction: An 
Examination of the Relationship Between Observation and 
Explanation”, 2014

𝑃𝑜𝑤𝑒𝑟 = 𝐾 ∗ 𝑋 ∗ 𝐴 ∗ 𝐶 ∗ 𝑒−𝐵/𝑅𝑇

K = Constant of appropriate units
X = Related to isotope fraction of H vs D 
A = Number of NAE (nuclear active environments)
C = Concentration of hydrogen isotopes around NAE
B = Diffusivity of Hydrogen in material
T = Temperature
R = Constant of appropriate units 

https://en.wikipedia.org/wiki/Drake_equation



Potential first LENR markets
‣ With clear physics metrics, we can 

investigate markets with significant global 
total addressable markets (TAM)

‣ Residential Hot water heating (TAM $27B)

‣ HVAC (TAM $127 B)

‣ Industrial boilers (TAM $14B)

‣ Transportation

– Automobiles (TAM $2.7T)

– Maritime propulsion (TAM $33B)

8



Potential first LENR minimum viable products
‣ Hot water heaters, HVAC, industrial boilers

– kWs of heating power

– Low duty cycle

– 1m physical dimensions

– Tens to thousands of kgs

‣ Transportation

– Trickle charging of EV batteries at 
hundreds of Watts or kW level

– High duty cycle

– <1m to 10m physical dimensions

– Hundreds or thousands of kgs
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Techno-economic drivers and metrics for LENR

‣ Specific power: Watts/kg

‣ Capital costs: $/Watt

‣ Energy density: Joules/kg

‣ Operational costs: $/Joule

‣ Unit Lifetime

‣ RAMI (Reliability, Accessibility, 
Maintainability, Inspectability) 
considerations

10

Ahmed F. Ghoniem, Needs, resources and climate change: Clean and 
efficient conversion technologies, Progress in Energy and Combustion 
Science, Volume 37, Issue 1, 2011



Investment landscape for non-fossil energy technologies
‣ Capital is available for teams that 

demonstrate

– Physics certainty

– Performance of physics and 
techno-economic metrics

– Working prototypes

‣ A reference experiment would 
unlock significantly more capital
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Other T2M Considerations
‣ Intellectual property

‣ Export control

‣ Public perception, social acceptance

‣ Supply chain risks
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https://arpa-e.energy.gov

https://arpa-e.energy.gov/


Questions for discussion
‣ What are the right metrics to consider?

‣ What level of demonstration could reasonably be achieved in a focused ARPA-E 
program?

‣ What level of demonstration is required to sprint towards a product?

– What level of reliability?

– What level of power?

– What level of understanding of underlying physics?

‣ What does a minimum viable product (MVP) look like?
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RFI Response, Dana Seccombe


